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ABSTRACT 
Ammonia functionalized UiO66 (UiO66–NH2) in the form of thin film was synthesized by 
a solvothermal method combined with a dip–coating technique and determined with 
physicochemical characteristics by X–ray diffraction (XRD), scanning electron microscopy 
(SEM), nitrogen physisorption measurements (BET), infrared spectroscopy (IR), 
thermogravimetric analysis (TGA), and ultraviolet–visible diffuse reflectance spectroscopy 
(UV–Vis DRS). Also, the obtained material was assessed on the photoactivity in the degradation 
of p–xylene in the gas phase. Photoreaction was carried out in the micro flow reaction system 
with the radiation sources of a UV lamp (λ = 365 nm, the power of 8 W) and 81 pieces of light 
emitting diode (LED) (λ = 400–510 nm, total power of 19.2 W). The results showed that 
UiO66–NH2 was successfully prepared in the ball shape and featured by a high surface area of 
up to 576 m2/g, a band gap energy of 2.83 eV and a thermal stability of up to 673 K. 
Additionally, UiO66–NH2 thin film catalyst performed an efficiency of 1.27 g/gcat in the earlier 
60 minutes of the photodegradation of p–xylene. The optimal treatment conditions were 
established with the moisture content of 8.65 mg/L and the atmospheric oxygen with the 
concentration of 300 mg/L. 
Keywords: UiO66–NH2, photocatalyst, degradation, p–xylene, gas phase. 
1. INTRODUCTION 
Photocatalytic techniques have been intensively studied for the purposes of the natural 
environment and green energy by utilizing solar energy. The process is prompted by a 
semiconductor as a photocatalyst. At the earlier stage, metal oxides were reported to be excellent 
photocatalysts like titanium oxide (TiO2), zinc oxide (ZnO), etc. [1, 2]. However, these kinds of 
photocatalysts were determined to have wide band gaps which solely allowed them to be active 
under the UV irradiation accounting for only around 4 % of total sunlight. To tackle the 
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problem, there are a lot of works having been carried out to find crucial methods for enhancing 
the performance of existing catalysts, leading to several new types of photocatalysts such as 
heteroatom–doped [3, 4] and non–oxide [5–7] materials with the capability of being active under 
visible light. Also, researching on a new class of photocatalysts has been attracted the focused 
attention of researchers. 
Over the past decade, metal–organic frameworks (MOFs) have been increasingly discussed 
in the literature. MOFs are a class of porous crystalline materials formed by the combination of 
transition metals or metal–containing clusters as structural nodes and organic compounds as 
linkers. With outstanding properties including high surface area, high pore volume, and flexibly 
tunable structure, MOFs were found to have a wide range of applications in gas adsorption [8, 
9], separation [10, 11], chemical sensing devices [12], and catalysis [13]. Recently, MOFs have 
been discussed on its potential as a new class of photocatalysts such as MOF–5, isoreticular 
MOFs (IRMOF–1, IRMOF–2, IRMOF–7, IRMOF–8, IRMOF–9), MIL–53 (M = Al, Cr, Fe), 
UiO66 and UiO67 [14–18]. However, in the photocatalytic processes, all of the above 
photocatalysts had a limitation that was the assistance of a sacrificial agent, a co–photocatalyst 
(Ir, Re), or UV–light as the energy source, which made them underdeveloped compared to 
inorganic oxide materials. 
By adding the amino group (–NH2) to the organic linker of UiO66, an amino–
functionalized Zr–based MOF (UiO66–NH2) was formed and exhibited a redshift in light 
absorption edge compared to original UiO66 [19]. UiO66–NH2 can be applied for the 
transformation of various organic compounds including alcohols, olefins, and cyclic alkanes at 
high efficiency and high selectivity [19]. 
Herein, UiO66–NH2 was used as a new photocatalyst for the photooxidation of p–xylene, 
which is one of the gaseous pollutants that lead to air pollution that has severely affected the 
living’s health for a long time [20]. In this paper, UiO66–NH2 was synthesized by a 
solvothermal method and its physicochemical properties were also discussed. The performance 
of photocatalyst under the form of a thin film formed by a dip–coating process was studied. The 
photoreaction was optimized with the contents of moisture and oxygen. Besides, the observation 
of the reusability of UiO66–NH2 was also carried out. 
2. MATERIALS AND METHODS 
All of the materials were received from Merck, Prolabo and used without any further 
purification. 
Amino–functionalized UiO66 (UiO66–NH2) was synthesized by a solvothermal method as 
previously described by Van et al. [21] and Kandiah et al. [22]. A mixture of equivalent molar 
amounts (1.392 mmol) of zirconium(IV) chloride (ZrCl4) and 2–aminoterephthalic acid (ATA) 
was dissolved in DMF (16 mL) at room temperature in a fume hood. The resulting mixture was 
heated up to a temperature of 120 °C for 36 hours to form yellow crystals. After the solution was 
cooled to room temperature in air, the obtained solid was filtered and repeatedly washed with 
DMF for 3 days followed by exchanging with methanol for the next 3 days. The final product 
was obtained after the yellow solid was filtered and the remaining solvent was evacuated under 
the vacuum condition. 
The obtained UiO66–NH2 was investigated for the morphology using a scanning electron 
microscope on FE–SEM JEOL 7401 at Institute of Chemical Technology – VAST. Powder X–
ray diffraction (PXRD) was recorded on a D8 Advance diffractometer at Institute of Applied 
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Materials Science – VAST. Additionally, Brunauer – Emmett – Teller (BET) surface area was 
measured by using nitrogen adsorption isotherms at 77 K on BET NOVA 3200 E instrument at 
INOMAR Center, University of Science–VNUHCM. Fourier transform infrared (FT–IR) 
spectrum (4000 – 400 cm–1) was also obtained on Tensor 27–Bruker at Institute of Chemical 
Technology – VAST. Besides, the thermal stability of the synthesized sample was determined by 
thermogravimetric analysis (TGA) on the TA – Q200 instrument at Plastics & Rubber 
Technology Center–HCM. UV–Vis spectrum of the sample was analyzed by an LUV–300 single 
beam spectrophotometer at Institute of Applied Materials Science – VAST. And, the thickness 
of the prepared material was measured by a Dektek 6M instrument of Veeco (USA) at Faculty of 
Materials Science, University of Science – VNUHCM. 
Thin films of UiO66–NH2 was developed on the surface of Pyrex tubes by a dip–coating 
process in an emulsified solution of the obtained material. The glass tubes were previously well 
treated with their surface by soaking them in the solutions of 1 % HF and 1 % KOH/MeOH for 
24 and 18 hours, respectively, followed by a heat treatment at the temperature of 450 °C for an 
hour. The catalyst thin film was activated at 200 °C for 2 hours. 
The photocatalytic activity of the UiO66–NH2 thin film in the degradation of p–xylene was 
studied by conducting photoreactions in a micro flow reaction system, wherein the determined 
amount of catalyst film was 15 mg, the specific total airflow rate was 3 L/h and radiation sources 
included UV light and 81 LED with the wavelength of 365 nm and 400–510 nm, the total power 
of 8 W and 19.2 W, respectively. The content of p–xylene was kept constant at 19 mg/L. In the 
meantime, the concentrations of moisture and oxygen were altered (Cwater = 4.70, 8.65, 15.18, 
and 25.57 mg/L; Coxygen = 150, 200, 250, 300 mg/L) to optimize the reaction conditions. The 
recyclability of the sample was also observed at the optimized conditions. 
The existence of p–xylene before and after the treatment was recorded by an Agilent 
Technologies 6890 Plus chromatography with FID detector, capillary column DB624 (30 m in 
length, 250 μm in diameter and 0.32 μm in film thickness). Operation conditions: temperature: 
100 °C; pressure: 20 psi; flow splitting ratio: 25/1; injector temperature: 250 °C; detector 
temperature: 300 °C; carrier: nitrogen. 
3. RESULTS AND DISCUSSION 
3.1. Physicochemical characteristics of UiO66–NH2  
Physicochemical characteristics of prepared sample were studied and shown in Figure 1. 
XRD pattern in Figure 1a revealed that UiO66–NH2 was successfully synthesized with two 
characteristic peaks of original UiO66 at 2θ = 7.31° and 8.52°. The sample was proved to have 
high single crystallinity due to the narrow and high–intensity peak. The result was confirmedly 
agreed with those of other reports [19, 21–24]. 
The morphology of the sample was shown in Figure 1b. Apparently, the crystals of UiO66–
NH2 were formed in a ball shape and particle size was about 200 nm. These features were also 
discussed by Luu Cam Loc et al. [25] and Anjum et al. [26]. 
Figure 1c displayed the thermogravimetric analysis (TGA) result of the obtained UiO66–
NH2. Clearly, three major weight loss steps were observed. The first step of mass loss was about 
4.3 wt% at the temperature of 303–403 K due to the vaporization of water and excess solvents. 
The second weight loss of 4.6 wt% occurred at between 403 K and 673 K due to the 
dehydroxylation of OH– groups at the temperature of 523–573 K [27]. Finally, the third main 
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material was thermally stable at a temperature of 673 K and was found to have a high light 
absorbability with a redshift in the light absorption edge, compared to the original UiO66 due to 
the introduction of the amino group to the organic ligand. 
The UiO66–NH2 thin film exhibited a high photocatalytic activity in the gas phase 
degradation of p–xylene. The optimal conditions for the p–xylene photodegradation were 
determined with the moisture content of 8.65 mg/L and atmospheric oxygen concentration of 
300 mg/L. 
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